Attachment 1: Example Calculations
Clinker-Based Methodology

Scenario 1 Assumptions
» Default Emission Factors
 100% CKD Recycled

California Climate Action Registry (Registry): CemeReporting Protocol

CO; emissions = [(Cli) (EE;) + (CKD) (ERexp)]

Where:
Cli = Quantity of clinker produced
ERqii = Clinker emission factor
CKD = Quantity CKD discarded
EFckp = CKD emission factor
Where:
Cli = 1,200,000 ton clinker
EFcii = 525 kg CQ/ ton clinker
CKD = 0 ton CKD
EFCKD = N/A
CO, emissions = [(1,200,000 ton clinker) (525 kg4zén clinker) + 0]
lton
CO, emissions = 630,000,000 kg €O
1,016.0%g

CO, emissions 620,048 ton CQ

IPCC 2006 Guidelines: Cement Production

CO, emissions = M, * EF¢) * CRexp

Where:
Mci = weight (mass) of clinker produced, ton clinker
EFRi = clinker emission factor, ton G@on clinker
CFekp = emissions correction factor for CKD, dimensesd
Where:

Mc = 1,200,000 ton clinker

EFRqi = 525 kg CQ/ ton clinker

CFCKD = 1.0

CO, emissions = (1,200,000 ton clinker) * (525 kgAah clinker) « (1.0)

1lton
CO, emissions = 630,000,000 kg €O
1,016.0%g

CO, emissions 620,048 ton CQ
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Scenario 2 Assumptions
» Default Emission Factors
* 2% CKD Correction

California Climate Action Registry (Registry): CemeReporting Protocol

CO, emissions = [(Cli) (EE;) + (CKD) (EFRckp)]
Where:
Cli = Quantity of clinker produced
ERqii = Clinker emission factor
CKD = Quantity CKD discarded
EFckp = CKD emission factor
Where:
Cli = 1,200,000 ton clinker
ERy = 525 kg CQ/ ton clinker
CKD = Not Available- - CKD CO, emissions = 2% clinker emissions
EFCKD = N/A
CO, emissions = [(1,200,000 ton clinker) (525 kgAan clinker) + (clinker C@Qemissions)
(0.02)]
. . 1lton
Clinker CQ emissions = 630,000,000 kg €O = 620,048 ton C®
1,016.0%g

CO, emissions =[620,048 ton G® (620,048 tons C§£) (0.02)]
CO, emissions = 620,048 ton G® 12,401 ton C®=632,449 ton CQ

IPCC 2006 Guidelines: Cement Production

CO, emissions = N, * EF¢ji * CRekp
Where:
Mc = weight (mass) of clinker produced, ton clinker
ERi = clinker emission factor, ton Gon clinker
CFexp = emissions correction factor for CKD, dimensasd
Where:
Mg = 1,200,000 ton clinker
EFRci = 525 kg CQ/ ton clinker
CFCKD = 1.02
CO, emissions = 1,200,000 ton clinker ¢ 525 kgAL&ah clinker « 1.02
1ton
CO, emissions = 630,000,000 kg €& «1.02
1,016.0%g
CO, emissions 632,449 ton CQ
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Scenario 3 Assumptions
» Default Emission Factors
» CKD Discarded = 252,204 ton

California Climate Action Registry (Registry): CemeReporting Protocol

CO;, emissions = [(Cli) (E;) + (CKD) (EFckp)]
Where:
Cli = Quantity of clinker produced
ERqii = Clinker emission factor
CKD = Quantity CKD discarded
EFcko = CKD emission factor
Where:
Cli = 1,200,000 ton clinker
EFRqi = 525 kg CQ/ ton clinker
CKD = 252,504 ton CKD
EFcxp = 499 kg CQ/ ton CKD

CO, emissions = [(1,200,000 ton clinker) (525 kgA&an clinker)
+ (252,504 ton CKD) (499 kg Cfdon CKD)]
1ton
CO, emissions = [(630,000,000 kg &
©. [( 96 1,016.05(9)
1ton
+ (125,999,496 kg CO— )]
1,016.0%g
CO, emissions = 620,048 ton G® 124,009 ton Ce= 744,057 ton CQ

Cement Kiln Dust Emission Factor (EFckp)

EFci
_ 1+ Ekai
EFeo = _ Eki X
1+ EFci
Where:
EFckp = Emission factor of partially calcinated CKD
(Mass CQ/mass CKD)
EFci = Clinker Emission Factor = 525 kg @@n clinker
d = Degree of CKD calcination = 1 (Default Value)
525kg CO:/ton clinker «
EFcxo = 1+525kg COx/ton clinker _ 0998 _ 0998 _ 499 kg C@lton CKD

_ 525kg COftonclinker xl_ 1-0.99¢ 0.002
1+525kg COe/ton clinker
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IPCC 2006 Guidelines: Cement Production

CO, emissions = M, * EF¢) * CRexp

Where:
Mc = weight (mass) of clinker produced, ton clinker
ERqii = clinker emission factor, ton G@on clinker
CFexo = emissions correction factor for CKD, dimenseasd
Where:

Mc = 1,200,000 ton

EFRqi = 525 kg CQ/ ton clinker

CFCKD = 1.08

CO, emissions = (1,200,000 ton clinken}525 kg CQ/ton clinker)e (1.08)

CO, emissions =[(630,000,000 k @Oltﬂ] )+ (1.08)]
B J 1,016.0%g '

CO, emissions 669,652 ton CQ
CKD correction factor (CFckp)
CFekp=1+ (My/ M¢)) » Cy * Fy * (ER/EFRy)

Where:
CFRckp = emissions correction factor for CKD, dimensi@sle
Mg = weight of CKD not recycled to the kiln, ton
M¢ = weight of clinker produced, ton
Cq4 = fraction of original carbonate in the CKD, friact
Fq = fraction calcination of the original carbonatethie CKD, fraction*
EF. = emission factor for the carbonate, ton@h carbonate
EF, = emission factor for clinker uncorrected for CKibn CQ/ton clinker

CFexo = 1 + (252,504/ 1,200,008)0.85)« (0.5) « (0.4397/0.5101)
CFexp = 1+ (0.21)+ (0.85)+ (0.5) * (0.8620)
CFCKD: 1.08

*Note: IPCC 2006 assumes a CKD calcination rate08b, where = 0.5
SUMMARY:
Default Emission Factor Equations Result in the fébwing CO, emissions
Scenario 1: 620,048 ton GO

Scenario 2: 632,449 ton GO
Scenario 3: 669,652 ton GOPCC 2006) and 744,057 ton g®egistry/CSl)
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Scenario 4 Assumptions
* Plant-Specific Emission Factors
 100% CKD Recycled

The Clinker-Based Methodology: Registry’s CemenbRycol

CO;, emissions = [(Cli) (E;) + (CKD) (EFckp)]
Where:
Cli = Quantity of clinker produced
ERqii = Clinker emission factor
CKD = Quantity CKD discarded
EFcko = CKD emission factor
Where:
Cli = 1,200,000 ton clinker
EFcii = 0.52117 ton Cégiton clinker
(530 kg CQ/ton clinker)
CKD = 0 ton CKD
EFcko = 0.5211 ton Cgton of CKD

(529 kg CQ'ton CKD)

CO, emissions = [(1,200,000 ton clinker) (0.52117 @@/ ton clinker)
+ (0 ton CKD) (0.5211 ton Giton CKD)]

CO, emissions 625,404 ton CQ
Plant-Specific Clinker Emission Factor (EFcji)

EFci = [(CaO content — non-carbonate CaO) » molecato 0f CQ/CaO]
+ [(MgO Content — non-carbonate MgO) ¢ moleculdioraf CO,/MgO]

Where:
CaO Content = 65%
Molecular Ratio of C@QCaO = 0.785
MgO Content = 1%
Molecular Ratio of C@MgO = 1.092

EFci = [0.65 + 0.785] + [0.1 « 1.092] = 0.51025 + 0.920

1,016.0% .
EFci = 0.52117 ton Céton clinker .—g: 530 kg CQ/ton clinker

1tor
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Plant-Specific Cement Kiln Dust Emission Factor (EFckp)

EFci X
— _1+EFKai
EFco = _ Eki
1+ EkRai
Where:
EFckp = Emission factor of partially calcinated
Cement Kiln Dust (mass gf@ass CKD)
EFcii = Clinker Emission Factor = 0.52117 ton
COy/ton clinker
d = Degree of CKD calcination = 1 (Default Value)
0.52117tonCO:/tonclinker X
EFcp= —1+0.52117tonCOxtonclinker — _ 03426  _ 0.3426 _
_ 0.52117tonCQCeftonclinker «1 1-0342¢ 0657«
1+0.52117tonCGQO/ton clinker
1,016.0% .
EFckp=0.5211 ton C@ton CKD e 20200 =529 kg CQ/ton clinker
1ton

IPCC 2006 Guidelines: Cement Production

CO, emissions = N, * EF¢ji * CRekp
Where:
Mci = weight (mass) of clinker produced, ton clinker
ERqi = clinker emission factor, ton Gfon clinker
CFexp = emissions correction factor for CKD, dimensasd
Where:
Mg = 1,200,000 ton clinker
EFRq = 0.52117 torCO,/ ton clinker
CFCKD = 1.0

CO, emissions = (1,200,000 ton clinkerj0.52117 ton Cgiton clinker)s (1.0)

CO, emissions 625,404 ton CQ
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Scenario 5 Assumptions
* Plant-Specific Emission Factors
* 2% CKD Correction

The Clinker-Based Methodology: Registry’s CemenbRiycol

CO; emissions = [(Cli) (EEi) + (CKD) (EFckp)]
Where:
Cli = Quantity of clinker produced
ERi = Clinker emission factor
CKD = Quantity CKD discarded
EFckp = CKD emission factor
Where:
Cli = 1,200,000 ton clinker
EFci = 0.52117 ton C@iton clinker
CKD = Not Available- - CKD CO, emissions = 2% clinker emissions
EFCKD = N/A

CO, emissions = [(1,200,000 ton clinker) (0.52117 @y/ton clinker) + (clinker CQ
emissions) (0.02)]

CO, emissions = (625,404 ton GOr (625,404 ton Cg) « (0.02)
CO, Emissions = 625,404 ton G® 12,508 ton C®
CO, emissions 37,912 ton CQ

IPCC 2006 Guidelines: Cement Production

CO, emissions = N, * EF¢ji * CRekp

Where:
Mci = weight (mass) of clinker produced, ton clinker
ERi = clinker emission factor, ton G@on clinker
Ckexp = emissions correction factor for CKD, dimenséasd
Where:

Mg = 1,200,000 ton clinker

EFRy = 0.52117on COy/ ton clinker

CFCKD = 1.02

CO, emissions = (1,200,000 ton clinkerj0.52117 ton Cgton clinker)s (1.02)

CO, emissions 37,912 ton CQ
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Scenario 6 Assumptions
* Plant-Specific Emission Factors
» CKD Discarded = 252,204 ton

The Clinker-Based Methodology: Registry’s CemenbRiycol

CO, emissions = [(Cli) (EE;) + (CKD) (EFRckp)]

Where:
Cli = Quantity of clinker produced
ERcii = Clinker emission factor
CKD = Quantity CKD discarded
EFckp = CKD emission factor
Where:

Cli = 1,200,000 ton clinker

ERqii = 0.52117 ton Cégiton clinker

CKD = 252,504 ton CKD

EFckp = 0.5211 ton Cgton CKD

CO, emissions = [(1,200,000 ton clinker) (0.52117 @y/ton clinker)
+ (252,504 ton CKD) (0.5211 ton Gn CKD)]

CO, emissions = 625,404 ton G® 131,580 ton C®
CO, emissions 756,984 ton CQ

IPCC 2006 Guidelines: Cement Production

CO, emissions = N, * EF¢ji * CRekp

Where:
Mci = weight (mass) of clinker produced, ton clinker
ERi = clinker emission factor, ton G@on clinker
Ckexp = emissions correction factor for CKD, dimenséasd
Where:

Mc = 1,200,000 ton

EFcii = 0.52117%on CGQ/ ton clinker

CFCKD = 1.08

CO, emissions = (1,200,000 ton clinkerj0.52117 ton Cgton clinker)e (1.08)
CO, emissions 675,436 ton CQ

SUMMARY:

Plant-Specific Equations Result in the following CQ emissions

Scenario 4: 625,404 ton GO

Scenario 5: 637,912 ton GO

Scenario 6: 675,436 ton GOPCC 2006) and 756,984 ton g®egistry/CSl)
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